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SUMMARY 
The addition of the Streptococcus lactis culture in 
the pasteurized milk was studied, in an attempt to find 
the effects of the culture in prolonging shelf life of the 
milk. Various concentrations of the culture were tried to 
find the optimum concentration that would give favorable 
effect on keeping quality of the milk. It was found that 
the addition of Str e ptococcus lactis culture at the rate 
of 0.0001 percent h a s shown promising effects in prolonging 
shelf life of the milk at the storage temperature of 40 F . 
In addition to the above study, effects of added acid 
in the pasteurized milk, were studied . The adjustment of 
pH with the addition of the citric acid used in these 
studies, had no effect in extending the keeping quality of 
the pasteurized market milk . The acid treatment of the 
milk showed spoilage earlier than the control samples of 
the milk . 
Two temperatures, 40 F and 50 F were studied to find 
suitable temperature for storage of the milk. It was 
observed that the 50 Fis not a desirable temperature for 
storage of pasteurized milk. A 40 F temperature was found 
better for storage of the milk. 
Bacteriological studies done simultaneously, on 
pasteurized milk stored at 40 F, showed that 'the coliform 
organisms did not multiply a t that temperature . 
The initia l bact e rial co unt s on psycrophilic organ-
isms wer e negative ; but after seven d ays th e ir presence 
was in larg e number . 
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The number of organisms as de t e rmined by the Standard 
Plat e Count, was not a r e liable indicator of th e keeping 
quality during s torag e temperature of 40 F . 
INTRODUCTION 
Considerable attention has been directed recently to 
the problem of keeping quality in market milk. Some 
consumers complain that market milk does not go sour but 
shows more objectionable changes in prolonged storage. 
During war years it was proved that the alternate day or 
three day a week delivery of milk was economical. Now 
most of the milk dealers prefer to retain the same practice. 
Under this practice the product is consumed in from one to 
four days ; however , greater quantities of milk are stored 
over a week before being consumed. 
In recent years the quality of the market milk has 
definitely improved and the temp e rature of storage 
particularly in homes has been reduced. Both of these 
changes hav e increased the self lif e of pasteurized milk. 
There are some organisms however, which either survive 
pasteuriz a tion or may contaminate the milk after pasteuri-
zation . Some of these bacteria cause undesirable changes 
during storage. This problem has both an economic as well 
as a public health aspect. 
There may be what is termed an intracellular poison 
present in the body of microorganisms; or produced by them. 
These products may be found in milk under specific conditions 
and may greatly aff ect the growth of other bacteria 
co nt ained therein . 
Streptococcus lacti s is one of th e organisms which 
produce acid and some other products which may inhibit 
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the growth of the o th e r organisms spoiling the market milk. 
In r ed u c ing the bacterial count of milk the Streptococcus 
lactis organisms have almost been eliminated. 
Purpose 
It is the purpose of this study to reach the following 
objectives : 
1. To study the effect of acidity produced by added 
Streptococcus lactis culture and citric acid, on the shelf 
life of market milk . 
2. To study the type of fermentation or spoilage in 
market milk and shelf life during storage at 40 F and 
50 F . 
REVIEW OF LITERATURE 
It is generally assumed that pasteurization destroys 
psychrophylic and coliform organisms with an exception of 
a few strains of the latter. But according to Overcast, 
and Skean (1959) , who studied 25 cultures of lipolitic 
organisms found that most of the strains caused rancidity 
and bitterness in market milk stored at regular refrigeration 
temperature (40 F) . 
Attention has been directed in the last 30 years 
towards the keepin g quality of pasteurized milk held at 
refrigeration temperature, and the bacterial count during 
storage . 
Dahlberg (1945) has done extensive study on keeping 
quality of pasteurized milk . The results show that when 
pasteurized milk was stored at 35-40 F, the Standard Plate 
Count was slightly lower after four days than when milk 
was fresh . The milk samples, which were positive for 
coliform bacteria, remained constant in count. The flavor 
score held for seven days in the "good" class with a score 
of 37 . 8 with no pronounced off-flavors . 
Milk stored at 45-50 F showed a slight decrease in 
Standard Plate Count after one day . The arithmetic average 
count began to increase plightly after three days and 
showed a significant increase to 180 , 000 at the end of 
four days . The bacteria of the coliform group showed a 
slight increase in the two day old samples . 
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He concluded that refrigerators in homes should not 
be above 50 F to best safeguard the healthfulness of milk. 
Hazel and Higginbottom (1953) observed the changes 
in pasteurized milk held at 42.8 F . They found that 
following pasteurization there was a decrease in the 
number of alkali producing and peptonizing bacteria and 
corresponding increase in acid producing bacteria which 
constituted the major portion of the microflora of the 
pasteurized milk. 
Mott and Mazer (1942) studied the keeping quality of 
pasteurized milk stored at 40 F and found that the increase 
in bacterial count was from 300 when it was fresh to 
1,300,000 at the end of five days . 
Yotis and Teodoro (1957) found that at 40 F 
Escherichia coli do not show evidence of multiplication. 
Dahlberg (1946) compared the growth of total bacterial 
count and coliform count in pasteurized milk at regular 
refrigeration temperature (40 F). He found that coliform 
bacteria increased more rapidly in numbers than the total 
count . The possible explanation given was that coliform 
organisms in pasteurized milk indicates contamination, as 
most of them do not survive pasteurization, and they have 
not been subjected to the heat treatment and hence they 
are actively growing organisms. 
Ayers and Clemmer (1918) studied coliform bacteria 
in raw milk. They observed that there was littl e or no 
growth of the coliform organisms below 50 F but rapid 
growth at higher temperatures was found. 
Burgwald and Josephson (1946) remarked that initial 
bacterial count of the milk did not always indicate its 
potential keeping quality . They observed that one lot 
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of milk sample having an initial bacterial count of 61,000 
per ml remained sweet for 25 days at temperatures below 
40 F and 21 days at temperature 40 F. They did not find 
an increase in the bacterial count up to four days in any 
samples . 
Burgwald and Josephson (1947) suggested spoilage in 
market milk stored at regular refrigeration temperature 
(40 F) in spite of low psychrophilic count, is due to some 
mesophils which become adapted to storage conditions and 
eventually grow at these low temperatures. 
They further stated that milk of good quality can 
be expected to retain excellent bacteriological and 
flavor qualities for at least four days during the summer 
months and six to seven days during winter months if 
refrigeration temperatures are maintained near 40 F. 
Olson, Willoughby , Thomas, and Morris (1952) studied 
the keeping quality of pasteurized milk with and without 
added aureomycin . They came to th e conclusion that the 
preserving effect of aureomycin was nil . Evidence of 
supression of specific bacterial types was obtained but 
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this was nullified by growth of other types with accompany-
ing deterioration to the same extent as that which occurred 
in samples containing no aureomycin. 
Swithinbank and Newman (1903) reported that there is 
what is termed as intracellular poison present in the body 
of the microorganisms and which may be a property common 
to several species. These products , then, may in course 
of 48 hours be produced in milk, under favorable conditions, 
and greatly affect the bacterial count contained therein. 
Harvey (1960) wrote that 
It is well recognized that lactic acid 
is not the sole product of the metabolism 
of "homofermentative" lactic streptococci. 
Small quantities of fatty acids, alcohols, 
carbonyl compounds (particularly acetone 
and diacetyl) and carbon dioxide are known 
to be formed . 
He examined seven strains of Streptococcus cremoris 
and four strains of Streptococcus lactis and found that 
all strains produce acetaldehyde and seven produced 
acetone . 
Jackson and Morgan (1954) found that in addition to 
acetald e hyd e Str e ptococcus lactis var . maltigenis produced 
2- and 3 -methyl butanal in skim milk cultures. 
Mac Leod and Morgan (1958) demonstrated that several 
strains of Streptococcus lactis were able to degrade a 
variety of amino acids to the corresponding adlehydes. 
Morgan and Nelson (1951) found that Streptococcus 
lactis has shown appreciable proteolytic activity even 
in 24 hour cultures . 
Mattick and Hirasch (1944) found some strains of 
streptococcus produced a powerful inhibitory substance 
which inhibit bacillus, clostridium, lactobacillus . 
Staphylococci were very susceptible . Gram negative 
organisms are unaffected. It completely inhibited the 
growth of Streptococcus agalactiae in dilution of 
1/ 640,000 . 
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Hirsch and Wheater (1951) studied 8,016 mixed samples 
of cultures for the inhibitory action; and found that 
examination failed to reveal antibiotic producing 
streptococci with the exception of some strains of 
Streptococcus lactis which produced nisin . They added 
that besides the nisin the inhibitory action of 
Streptococcus lactis may be due to production of hydrogen 
peroxide and lactic acid. 
According to Breed, Murray , and Smith (1957) some 
strains of Streptococcus lactis synthesize a powerful 
antibiotic, nisin, that inhibits a growth of a wide variety 
of other gram positive microorganisms. 
PROCEDURE 
Selection and Handling of Milk 
The milk used for this study was obtained fresh in 
quart car tons directly from eight processing plants. In 
all the eight cases the milk samples were collected 
immediately after pasteurization and inoculated or treated 
within 24 hours . Milk was stored prior to use at a regular 
refrigeration temperature of 40 F. 
Before the treatment of the milk it was tested for 
efficiency of pasteurization using the phosphatase test. 
Ba cterial plate count were taken for coliform, psychrophiles 
and standard plate count organisms to determine the initial 
bacterial con tent of th e milk. In the last five lots , 
b esides the above tests, titrable acidity and pH wer e taken 
as routine tests. 
Preparation of Starter 
Sterile skim milk was inoculated with 1 percent fresh 
Streptococcus lactis culture and then incubated for 14 
hours at 70 F. as a part of regular procedure. Only the 
culture showing titrable acidity 0.70 to 0 . 75 percent was 
us ed. 
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Citric Acid 
A 50 percent citric acid solution was used in reducing 
the pH of the milk in this experiment. 
Preparation and Treatment of Milk 
Fiv e quarts of milk which were stored at regular 
refrigeration temperature (40 F) in quart cartons, were 
inoculated with Streptococcus lactis culture. The active 
fresh culture was diluted with sterile distilled water. 
0 . 5 cc of diluted culture was added to one quart of milk 
to make 0.01 percent, 0 . 005 percent, 0 . 001 per cent, 0.0001 
percent, and 0.00005 percent concentration of Streptococcus 
l actis culture in the milk . 
Citric acid treatment 
Three quarts of milk were treated with 50 percent 
citric acid and the pH was adjusted. The amount of the 
citric acid added was dependent on the pH desired. In the 
first three lots the pH of the three quarts of milk were 
adjusted to 5.6, 5 . 7, and 5.9 . In the next two lots the 
pH of the three quarts of milk were adjusted to 6.1, 6.2, 
and 6 . 3 . In the last three lots the adjusted pH of three 
quarts of milk were 6.5, 6 . 6 , and 6.7. 
Both the additions of culture and citric acid were 
duplicated. One lot was kept at 50 F and another was kept 
at 40 F . Control samples which were not treated with 
culture or acid were also kept at 50 F and 40 F. 
Score and Analysis 
These milk samples were tested after 4, 7, 11, 15 , 
and 17 days. The following tests were made . 
The milk was scored for flavor using the official 
A . D .. s . A . score card for market milk. 
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The milk was tested for coliform, psycrophilic and 
total number of organisms . The plating was done according 
to Standard Methods for the Examination of Dairy Products 
(1960). 
In the last five lots besides the organoleptic and 
bacteriological tests, titrable acidity and pH were 
determin ed . 
These tests were continued till the milk samples 
showed spoilage or fermentation. When the sample showed 
the spoilage, a qualitative bact erial test was taken on a 
few samples to determine the type of organisms which caused 
the spoilage. 
The spoiled milk was plated on tryptone glucose 
extract agar and incubated at 100 F for 48 hours. The 
colonie s, which were large in number, were picked from 
these plates and propagated in litmus milk and skim milk . 
Exami na tions were made for curdling, whey, gas, and 
proteolysis . 
Microscopic examinations were made using Methylene 
blue and Gram stains. 
Scrupulous care was taken to avoid post pasteurization 
contamination of samples, since one of the main objectives 
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of the experiment wa s to study the effects of Streptococcus 
lactis organism on bacteria usually found in pasteurized 
milk. 
RESULTS AND DISCUSSION 
Results of this experiment are tabulated in Appendixes 
A to D, showing effects of addition of Streptococcus lactis 
culture and citric acid on shelf life of pasteurized milk. 
These results include flavor score of the milk, bacterial 
plate counts and types of organisms which were found in 
the milk during storage at 40 F and 50 F, from pasteurization 
to spoilage. 
In Appendix A, Lots 1 to 8 show the flavor and score 
of the pasteurized milk during storage at 40 F. In the 
last five lots besides the flavor score, titrable acidity 
and pH were determined as it was found that there was 
appreciable change in titrable acidity and pH as milk 
spoils . 
In these eight lots . of milk the inoculation with 
Streptococcus lactis culture was done at the rate of 0.01 
percent , 0 . 005 percent, 0 . 001 percent, 0 . 0001 percent, and 
0 . 00005 percent . Out of all these concentrations, 0.0001 
percent showed favorable results on shelf life of the 
milk. In five cases milk with this concentration showed 
bet -ter shelf life than cuntro l samples as determined by 
flavor score . In the remaining three cases milk with the 
same concentration kept equally as well as the control. 
Eight lots of milk may not show highly sfgnificant effect 
' I 
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of addition of Streptococcus lactis cu ltur e on she lf life 
of pasteurized milk, but they definitely indicate that 
addition of Streptococcus lactis culture has some favorable 
effects on keeping quality of some samp l es of pasteurized 
market milk . 
The probable reason for prolonging shelf life of 
milk may be the antibiotic action of the products produced 
by Streptococcus lactis on other microflora of the milk. 
It is well known that lactic acid is not the only product 
of metabolism of Streptococcus lactis . Small quantities 
of fatty acids, alcohols, carbonyl compounds (particularly 
acetone and diacetyl), carbon dioxide and acetaldehyde 
are formed. But besides these compounds Streptococcus 
lactis is known to produce a powerful antibiotic sustance 
called "nisin." Nisin has powerful inhibitory action on 
all gram positive organisms. One strain of Streptococcus 
is found to produce hydrogen peroxide also. 
Lactic acid, hydrogen peroxide, and nisin, are powerful 
inhibitors and hence there is ground to believe that 
Streptococcus lactis culture can inhibit the growth of 
other microorganisms in milk to prevent spoilage during 
storage . Duration of shelf life also depends on initial 
bacterial count of the milk , type of the organisms present; 
and quantity of Streptococcus lactis cult ur e inoculated. 
The addition of Streptococcus lactis cu lture did 
show some favorable effect on prolonging shelf lif e of 
pasteurized milk. But to get more significant results, 
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further experi ments s h ou ld b e con du cte d . For further 
st ud y, more milk samples from the sa me milk plant s hould 
be treated an d st udi ed . 
Lactic acid is a well- known product of met a bolism of 
Streptococcus la c ti s. In order to see if only high acidity 
ha s any effect on shelf life of past e urized milk, a series 
of milk samp l es were treated with a ddition of 50 percent 
ci tri c acid . The initi a l pH of the milk was low e red by 
adding the citric acid . The amount of the acid added 
depend e d on the pH desired . Th e pH of the three milk 
samples from the first three lots were adjusted to 5 . 6, 
5.7, and 5 .9 . It was found that milk samples show very 
high initial acidity; and do not show any favorable effects. 
So in the next two lots pH of the three milk samples were 
adjusted to 6.1 , 6 . 2, and 6 . 3 ; but in this case also , there 
was no improvement on shelf life . In the last three lots, 
ther efore, pH was adjusted to 6 . 5 , 6.6 , and 6.7 . This 
adjusted pH val u es helped to k eep milk good for some days 
but there was no improvement over cont r o l sample. Th e 
results of addition of citric acid sho wed that it did not 
help in pro longing the s h e lf li fe of the milk . 
In order to see whether the effects of addition of 
Streptococcus la ctis cu lture and c i tr ic acid on shelf life 
of pasteuriz e d milk is irrespective of temperature of 
storage, duplicate samples of the same treatment were kept 
at 50 F . Appendix B shows the resu lt s of using this storage 
temperature . At this temperature four lots were spoiled 
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within four to five days irrespective of the treatments. 
With the conclusion that the 50 Fis not the desirable 
temperature for storage of pasteurized milk, further study 
was not continued . 40 F temperature was found to be better 
than 50 F for storage of pasteurized milk. 
Appendix C shows bacterial plate count on milk samples 
during storage at 40 F . 
The first two lots were studied as a trial to observe 
the flavor score during storage, but no bacterial count 
was taken. 
Observations on bacterial plate counts show that 
initial plate counts for coliform organisms were either 
negative or below the minimum standard set by the Milk 
Ordinance and Code of the U. S. Public Health Service . 
There was no appreciab l e growth of co liform organisms seen 
during storage at 40 F. In fact, the presence of coliform 
organisms in pasteurized milk indicates contamination as 
most of th e m do not survive pasteurization and they have 
not been s ubjected to the heat tr e atment and hence they 
are activ e ly growing organisms ; but in this study they did 
not show r apid growth. The possible explanation is that 
40 Fis not a suitable temperature for their growth. 
Initial counts of the psycrophilic organisms were 
negative in all the cases. Except in one, all other cases 
were negative for the first seven days . But after that, 
they showed evidence of multiplication . The probable 
reason for growth after seven day s is that some mesophils 
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get adapted to low storage temperature and multiply very 
rapidly . 
In all the cases initial counts on Standard Plate 
Count organisms were within the specific standard of the 
Milk Ordinance and Code of the U. S. Public Health Service, 
but the results of numbers of organisms did not lead to 
any definite conclusion concerning the cause of the milk 
spoilage . Besides this Streptococcus lactis culture was 
added and hence the number of Standard Plate Count organ-
isms did not have much importance. 
The bacterial plate counts were discontinued when the 
milk samples showed spoilage as there were a very high 
number of organisms present in the spoiled samples. 
Few spoiled samples were examined to study the type 
of organisms which might have caused spoilage in milk. 
In most of the tests, sour and high acid milk showed 
the presence of streppcocus sp. It was, of course, expected 
as Streptococcus lactis organisms were added in milk . 
In psy c rophilic plate counts qualitative tests indicate 
that the pseudomonas species were prominent . 
Causative organisms in samples which show bitterness 
were Streptococcus liquefaciens . 
CONCLUSIONS 
1. The addition of Streptococcus lactis culture in 
the concentration of 0.0001 percent was found effective 
in prolonging shelf life of pasteurized market milk. In 
the five lots out of eight it showed better shelf life 
than the control. In the remaining three it was as good 
as control . 
2. The addition of citric acid to the pasteurized 
market milk did not show any favorable effects in pro-
longing shelf life . In fact these samples showed develop-
ment of high acidity earlier than control. 
3 . A 50 F temperature was found undesirable for the 
storage of milk . All the milk samples, treated and 
untreated , showed spoilage in four to five days. 
4. A 40 F temperature was found better than 50 F for 
storage of pasteurized market milk . 
5 . Coliforms did not show evidence of growth at 40 F. 
6 . Psycrophilic organisms did not show any evidence 
of growth for the first seven days , but after that the 
growth was evident , during storage temperature of 40 F. 
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APPENDIXES 
Appendix A 
Table 1. Plant A flavor and score during storag e at 40 F 
Sample 2 days 7 days 11 days 14 days 17 days 21 da ys 23 da ys 31 days 
Al 
control Distinctl y Carton 
pH 6.2 ( 40 ) (40) Slightl y Stale Carton carton stale 
stale 4 carton (39) (3 9) a nd so ur 
A2 
0 . 01 % (40) ( 40) Slightly Slight Distinctl y 
acidic acid acidic 
(39) tent 
k (39) 
Q) 
+> 
k 
" +> A3 Slight Slight Distinctl y 
rn 0 . 005 % (4 0) (40) Slightly acidic acidic carton 
I ~· ... sour (39) (38) and carton (40) (40) (40) ( 40) (40) ( 40) (39) 
slight 
malt y 
N) 
.,. 
Table 1 . Continu e d 
Sampl e 2 days 7 d ays 11 day s 14 da y s 17 days 21 da y s 23 day s 3 1 days 
A5 
0 . 001 % (40 ) ( 40 ) ( 40 ) (40) (40) (40) (40) (40) 
,I, A6 
~ 0 . 0005 % ( 40) (40 ) ( 40) Carton Stal e Carton Carton 
.µ (39) (30) 
... 
ol 
.µ 
"' A7 
Slightly (39) pH 5 . 6 (40) (39) Slightly Acidic Acidic 
acidic acidic 
but not (39) 
carton 
(39) 
As 
i:, pH 5 . 7 (40) (39) (39) 
..... 
() 
< r (40) Slightly Carton Real Carton Distinctly carton (37) stale and carton (38) carton (39) 
"° ()1 
Table 2. 
Treatment Sample 
Control 
Culture 0.01 % 
Culture 0.005 % 
Culture 0.001 % 
Culture 0.0001 % 
Culture 0 . 00005 % 
Acid 5 . 6 pH 
Acid 5 . 7 pH 
Acid 5.9 pH 
Plant B flavor and score during storage at 40 F 
4 days 11 days 14 days 17 days 22 days 
Slight 
feed (39) (39) Feed Feed 
(40) (40) (39) (39) Sour 
(40) (40) (39) Sour 
( 40) (40) (40) (39) (39) 
(40) (40) (40) (40) (39) 
(40) ( 40) (39) Feed Feed 
Acid (39) Acid (38) Acid (38) High acid High acid 
Acid (38) Clean acid Acid (38) Acid High acid 
(38) 
Slight Acid (39) Acid (39) Acid High acid 
acid (39) 
24 days 
Feed 
Sour 
Sour 
Sour 
Sour 
Feed and 
sour 
High acid 
High acid 
High acid 
"" cr, 
Tabl e 3 . 
Tre a tment Sa mpl e 
Cul t ur e Control 
Culture 0 . 01 % 
Cultur e 0.005 % 
Culture 0 . 001 % 
Culture 0.0001 % 
Culture 0 . 00005 % 
Acid 5 . 6 pH 
Acid 5 . 7 pH 
Acid 5.9 pH 
Plan t C flavor and sc ore during stor ag e at 40 F 
4 day s 11 day s 14 da ys 17 da ys 
( 40 ) ( 40 ) (40) (39) 
(40) ( 40) (39 ) Sli ght 
acid (39) 
(40 ) (40 ) (39) Slight 
sour (38) 
( 40 ) ( 40) (40) (39) 
( 40) ( 40) (40) (39) 
( 40) ( 40) (40) Slight 
bitter 
Acid (37) High acid High acid High acid 
(36) (36) 
Acid ( 37) Ac id (37) Acid (37) High ac id 
Slightly Aicd (38) Acid (37) High acid 
acidic (39) 
22 days 
Slight 
acid 
Ac id 
Ac id 
sour 
Sligh t 
bitter 
Slight 
bitter 
Bitter 
High acid 
High acid 
High acid 
Iv 
-.J 
Table 4. Plant D titrable acidity pH, flavor and score during storage at 40 F 
5 days 11 days 15 days 
Treat- Flavor, Flavor , Flavor , 
ment Sample T.acidity pH score T.acidity pH score T.acidity pH score 
Control 0.17 % 6 . 65 (40) 0.17 % 6 . 6 (39) 0.23 % 6.6 High a c id 
cooked 
Culture 0 . 01 % 0.175 % 6 . 6 Malty(37) 0.44 % 5 . 5 Sour 0.83 % 4.8 Sour 
Culture 0.005 % 0.175 % 6.65 Malty(38) 0.59 % 5 . 0 Sour 0 . 87 % 4 . 7 Set up 
Culture 0.001 % 0.1 -7 % 6.65 Malty(39) 0.21 % 6 . 45 Sour 0 . 52 % 5.6 High acid 
Culture 0.0001 % 0.17 % 6 . 7 (40) 0.20 % 6.5 (40) 0.61 % 5.6 Putrid 
Culture 0 . 00005% 0.17 % 6 . 7 (40) 0.19 % 6.6 Putrid 0.49 % 5.8 High acid 
Acid 6.1 pH 0 . 25 % 6 . 25 High acid 0 . 24 % 6.35 High acid 0.33 % 6.1 Acid sour 
Acid 6 . 2 pH 0.24 % 6.35 High acid 0.23 % 6 . 4 High acid 0.33 % 6.3 Acid sour 
Acid 6.3 pH 0.23 % 6 . 45 Better 0.22 % 6.45 High acid 0 . 40 % 6.4 Acid sour 
than 
control 
l\J 
00 
Table 5. Plant E titrable acidity, pH, flavor and score during storage at 40 F 
5 days 11 days 15 days 
Treat- Flavor, Flavor , Fl a vor , 
ment Sample T.acidit y pH scor e T.acidity pH score T . a c idity pH sc ore 
Control 0.17 % 6.7 Slightly 0 . 17% 6 . 65 0.34 % 6 . 4 Hi gh 
oxidized acid 
carton , 
stal e 
Cultur e 0 . 01% 0 . 185 % 6.55 oxidiz e d 0 . 37% 5 . 8 Sour 0.91 % 4.8 Sour 
stal e 
Culture 0 . 005% 0 . 175% 6 . 6 oxidized 0 . 22 % 6.5 Slightly 0 . 65% 5 . 5 Sour 
stale sour 
Culture 0.001% 0 . 17% 6 . 65 Oxidiz e d 0.20% 6 . 6 0 . 34 % 6.15 Sou r 
stale 
Cultur e 0.0001 % 0 . 17% 6 . 65 Oxidized 0 . 20% 6.6 OXidized 0 . 42 % 6.2 Slightl y 
stale sour 
Culture 0 . 00005 % 0.17 % 6 . 7 Oxidized 0.18 % 6.65 Malty 0.22 % 6.7 Carton 
stale better 
than 
control 
Acid 6 . 1 pH 0 . 24% 6.25 Acid 0.25% 6.4 Acid 0 . 31 % 6.3 High 
acid 
Acid 6.2 pH 0.23% 6.35 Acid 0 . 24 % 6 . 4 Acid 0 . 33 % 6 . 45 High 
acid 
"° Acid 6.3 pH 0.22 % 6 . 45 Slight 0.23 % 6.45 Acid 0 . 35 % 6.5 High (!) 
acid acid 
Table 6. Plant F titrable acidity, pH, flavor and score during storage at 40 F 
7 days 11 days 15 days 17 days 
--
:,., :,., :,., :,., 
(]) +' k +' k +' k +' k 0 (]) ..... 0 (]) ..... 0 (]) 
..... 
..... 0 (]) ..... 
,::, > k ,::, > k ,::, > k ,::, > k p. 
o! 0 ..... o! 0 ..... o! 0 e ..... o! 0 ..... 
o! • CJ :,:: ..... CJ • CJ :,:: ..... CJ ·CJ :,:: ..... CJ • CJ :,:: ..... CJ 
U) E-< o! p. r,.. !/l E-< o! p. r,.. !/l E-<o! p. r,.. !/l E-< o! p. r,.. !/l 
% % % % 
Control 0.17 6.8 Cooked 0 . 18 6.55 Cooked 0 . 20 6.5 Slight 0 . 22 6.5 Slight 
(39) (39) acid & acidic 
oxidized (37) 
(38) 
Culture 0.01 0.17 6.8 Cooked 0 . 20 6 . 5 Acid 0.31 6.1 Sour 0.40 5.9 Sour 
(39) tent bitter bitter 
(38) (37) fruity 
Culture 0.005 0.17 6.8 (40) 0.20 6 . 6 (39) 0.28 6.45 Acid 0.31 6.3 Sour & 
sour bitter 
(37) 
Culture 0 . 001 0.17 6.8 ( 40) 0.20 6.6 (39) 0.25 6.55 Slightly0.27 6.4 High 
acid acid (38) 
Culture 0.0001 0.17 6.8 ( 40) 0 . 18 6.65 (40) 0.21 6.6 (39) 0.25 6.5 Slightly 
acid 
w 
0 
Table 6. Continued 
7 days 11 days 
;:,.. ;:,.. 
+> +> +> 
c ..... ..... 
(I) "Cl "Cl 
s (I) ..... >< ..... 
+> ..-< (.) 0 (I) (.) 
o! 0. o! ;, >< o! 
(I) s o! 0 
>< o! :r: ..-< (.) :r: E-< [/) E-< 0. "'rJJ E-< 0. 
% % % 
Culture 0 . 00005 0.17 6.8 (40) 0 . 18 6 . 7 
pH 
Acid 6.5 0.25 6 . 5 (40) 0 . 25 6 . 3 
Acid 6 . 6 0.21 6.6 ( 40) 0 . 24 6 . 4 
Acid 6 . 7 0 . 19 6 . 65 (40) 0 . 21 6.45 
15 days 
;:,.. 
+> 
. .... 
"Cl 
>< . .... 0 (I) (.) 
;, >< o! 
o! 0 
..-< (.) :r: 
"'rJJ E-< 0. 
% 
Cooked 0.22 6 . 6 
better 
than 
culture 
(30) 
Acid 0 . 26 6.3 
(38) 
Acid 0 . 25 6 . 4 
(38) 
Better 0.23 6.5 
than 
control 
(39) 
>< 0 (I) 
;, >< 
o! 0 
..-< (.) 
"'rJJ 
Bitt e r 
(37) 
Acid 
(36) 
Acid 
(36) 
Slight 
acid 
(37) 
17 days 
;:,.. 
+> 
. .... 
"Cl 
..... >< (.) 0 (I) 
o! ;, >< 
o! 0 
:r: ..-< (.) 
E-< 0. "'rJJ 
% 
0.26 6.4 Very 
bitter 
0. 28 6. 3 Sour 
0 . 26 6 . 4 Sour 
0 . 25 6.5 Sour 
w 
I-' 
Table 7 . Plant G titrable acidity, pH , flavor and score during storag e at 40 F 
7 da ys 11 days 15 days 17 days 
>, >, >, --;;; 
...., ...., ...., ...., ...., 
c: ..... ..... ..... ..... 
QJ 'O 'O 'O 'O 
s QJ ..... I-< ..... I-< ..... I-< ..... I-< 
...., 
..-< tl O QJ tl O QJ tl O QJ tl O QJ 
oj 0. oj ;, I-< oj ;, I-< oj ;, I-< oj ;, I-< 
QJ s oj O oj O oj O oj O 
I-< oj ::,:: ..-< tl ::,:: ..-< tl ::,:: ..-< tl ::,:: ..-< tl 
E-< rn E-< 0. ""en E-< 0. ""en E-< 0. ""en E-< 0. ""en 
% % % % % 
Control 0 . 17 6 .8 ( 40) 0 . 18 6. 7 Slight 0.20 6.6 Oxi- 0 . 24 6.5 Oxidized 
oxidized dized 
(38) (38) 
Culture 0 . 01 0 . 17 6 .8 (40) 0.35 6.1 Malty 0.52 5 .5 Malty 0 . 70 4.9 Bitter 
(37) acid high 
(37) acid 
Culture 0 . 005 0 . 17 6 .8 ( 40) 0.25 6 . 4 Malty 0 .35 6 .0 Malty 0.45 5 . 7 High 
(37) acid acid 
Culture 0 . 001 0 . 17 6 .8 (40) 0.24 6 . 5 Malty 0 . 49 5 .9 Malty 0.56 5.3 High 
(37) acid acid 
tent 
Culture 0 . 0001 0.165 6. 8 (40) 0 .18 6. 7 (40) 0.23 6 . 5 Slight 0.28 6.3 High 
acid acid 
(39) 
c.., 
ts> 
Table 7. Continued 
7 days 11 days 
:,., :,., 
...., ...., ...., 
.... s:: .... 
Q) 'O 'O 
.... ... s Q) .... ... O Q) C) O Q) ...., 
..-< C) 
ol :,. ... ol I'.>, 
'" 
:,. ... 
Q) s ol O ol O :,:: ..-< C) :,:: ..-< C) 
... ol 
E-< [/) E-< I'.>, r.. rn E-< I'.>, r.. rn 
% % % 
Cult u re 0.00005 0 . 165 6 . 8 (40) 0 . 175 6 . 75 Better 
than 
control 
(39) 
Acid 6.5 pH 0 .24 6 . 5 ( 40) 0.30 6 . 4 Bitter 
(37) 
Acid 6.6 pH 0 . 21 6.575 (40) 0.25 6.5 Acid 
tent 
(38) 
Acid 6.7 pH 0.20 6. 65 ( 40) 0.25 6.5 Lacks 
fine 
flavor 
(39) 
15 days 
:,., 
...., 
.... 
'O 
.... ... 
C) O Q) 
ol :,. ... 
ol O 
:,:: ..-< C) 
E-< I'.>, r.. rn 
% 
0.20 6.6 Slight 
acid 
(39) 
0 .32 6. 3 Very 
bitter 
0.28 6.35 Acid 
sour 
0.275 6.4 Acid 
17 days 
...., 
.... 
'O 
.... ... 
O Q) C) 
'" 
:,. ... 
ol O 
:,:: ..-< C) 
E-< I'.>, r.. rn 
% 
0.24 6.5 High 
acid 
0.38 6.2 Set 
0.32 6 . 2 Sour 
0.31 6.2 Sour 
w 
w 
Table 8 . Plant H titrable ac idity , pH , flavor and score during storage at 40 F 
7 days 11 days 15 days 17 days 
--
;,-. ;,-. ;,-. ;,-. 
+> +> +> +> +> 
c: ..... . .... . .... . .... 
(]) 'O 'O 'O 'O 
s (]) ..... 1-, . .... 1-, . .... 1-, ..... 1-, 
+> ..... u 0 (]) u 0 (]) u 0 (]) u 0 (]) 
'" 
0. 
'" 
> 1-, 
'" 
> 1-, 
'" 
> 1-, 
'" 
> 1-, (]) s 
'" 0 
'" 0 '" 0 '" 0 1-, 
'" 
::,:: ..... u ::,:: ..... u ::,:: ..... u ::,:: ..... u 
E-< (/] E-< 0. "'Ul E-< 0. "'Ul E-< 0. "'Ul E-< 0. "'Ul 
% % % % % 
Control 0 . 17 6.75 (40) 0.17 6 .75 Oxi- 0.20 6.55 Acid 0.22 6.5 Acid 
dized (37) (36) 
(38) 
Culture 0 . 01 0.17 6 . 75 (40) 0.36 5.9 Acid 0 . 55 5 .0 Malty 0.70 4.9 Sour 
tent acid bitter 
(38) (36) 
Culture 0 . 005 0 . 17 6 . 75 (40) 0.23 6 .4 Malty 0.45 5 . 9 Malty 0 . 58 5 . 4 High 
(39) acid acid 
tent 
(37) 
Culture 0 . 001 0 . 17 6 . 75 (40) 0 . 22 6 . 5 Malty 0.37 6.1 Malty 0.47 5.6 High 
(39) acid acid 
tent 
(37) 
Culture 0.0001 0 . 165 6 . 7 5 ( 40 ) 0 . 19 6.6 (40) 0 . 25 6.5 (39) 0.31 6.3 Slight 
acid 
(38) w 
.;.. 
Table 8. Continued 
7 days 11 days 15 days 
___ 1_7 da ys 
:>, :>, :>, :>, ...., ...., ...., 
...., 
...., c .... 
.... 
.... 
.... Q) 
'O 
'O 
'O 
'O k s Q) .... k .... k .... k . ... O Q) ...., ,-< t.) O Q) t.) O Q) t.) O Q) t.) > k o! 0. o! > k o! > k o! > k o! o! 0 Q) s o! 0 o! 0 o! 0 :,:: ,-< (.) k o! :,:: ,-< t.) :,:: ,-< t.) :,:: ,-< t.) ~ 0. ~ t/J E-< Cl) E-< 0. ~ t/J E-< 0. ~ t/J E-< 0. ~ t/J 
% % % % % 
Cu l ture 0 . 00005 0 . 165 6.75 (40) 0.19 6.7 Bett er 0.23 6 . 6 (39) 0 . 25 6.4 Slight 
than acid 
control (38) (39) 
Acid 6 . 5 pH 0 . 24 6.6 ( 40) 0 . 25 6 . 4 Acid 0.25 6 . 35 High 0.25 6 .3 Set (38) acid 
(36) 
Acid 6 . 6 pH 0 . 21 6 . 575 (40) 0 . 23 6.5 Acid 0.23 6 . 45 High 0.23 6.4 Sour (39) acid 
(36) 
Acid 6.7 pH 0.20 6.65 (40) 0.22 6.6 Better 0 . 23 6 . 5 Acid 0 . 23 6.4 Sour than (37) 
control 
(39) 
(.,.) 
(}1 
36 
App e ndi x B 
Table 9 , Plant A flavor and score during storage at 50 F 
Treatment 4 days Sampl e Flavor , score 
Control Slight sour (37) 
Culture 0.01 % High acid 
Culture 0 . 005 % High acid 
Culture 0 . 001 % Acid 
Culture 0 . 0001 % Slight acid (38) 
Culture 0 . 00005 % Slight acid (38) 
Acid 5 . 6 pH High acid 
Acid 5 . 7 pH High acid 
Acid 5 . 9 pH High acid 
37 
Table 10 . Plant B flavor and scor e during storage at 50 F 
Treatment Sample 
Control 
Cultur e 0 . 01 % 
Culture 0.005 % 
Culture 0 . 001 % 
Culture 0 . 0001 % 
Culture 0 . 00005 % 
Acid 5 . 6 pH 
Acid 5 . 7 pH 
Acid 5 . 9 pH 
4 days 
F'lavor, score 
Feed (37) 
High acid 
High acid 
Acid, sour (37) 
Slight acid, 
sour (38) 
Slight sour (38) 
Acid 
Acid 
Acid 
38 
Table 11. Plant C titrable acidity, pH , flavor 
and score during storage at 50 F 
5 days 
Treatment Sample Flavor , score T. acidity pH 
Control Slightly feed 0.18 % 6.65 (38) 
Culture 0 . 01 % Sour 0 . 48 % 5.20 
Culture 0 . 005 % Sour 0 . 34 % 5.75 
Culture 0 . 001 % Slight sour 0 . 24 % 6 .3 
Culture 0 . 0001 % Very slight sour 0.21 6.4 
Culture 0 . 00005 % Malty acid tent 0 . 20 6.5 
Ac id 6 . 1 pH High acid 0 . 25 % 6.3 
Acid 6 . 2 pH High acid 0 . 24 % 6 . 3 
Acid 6 .3 pH High acid 0.23 % 6.3 
39 
Table 12 . Plant D titrable acidity, pH, flavor 
and scor e during storage at 50 F 
5 days 
Treatment Sample Flavor, score T . acidity pH 
Control Slight oxidized 0.18 % 6 . 6 
Culture 0 . 01 % Very sour 0 . 51 % 5.25 
Culture 0 . 005 % Very sour 0.44 % 5.4 
Culture 0 . 001 % Sour 0.27 % 6.1 
Culture 0 . 0001 % Slight sour 0 . 24 % 6.45 
Culture 0 . 00005 % High acid, not so ur 0 . 20 % 6 . 5 
Acid 6 . 1 pH High a cid 0 . 26 % 6.4 
Ac id 6 . 2 pH Ac id 0 . 24 % 5 . 45 
Ac i.d 6 . 3 pH Be tt e r th a n c ontrol 0 . 23 % 6 . 45 
Appendix C 
Table 13. Plant C bacterial plate count per ml 
Storage 
days at Type of 0.01 % 0.005% 0.001% 0.0001% 0.00005% 5.6pH 5.7pH 5.9pH 
40 F plating Control Culture Culture Culture Culture Culture Acid Acid Acid 
SPC 12xio 3 
0 Coliform O 8 
PPC 0 
SPC 7Xl03 10x10 3 12x10 3 13x103 6x103 9Xl0 3 4Xl0 3 6Xl0 3 1ox10 3 
4 Coliform 12 8 17 9 3 13 2 0 5 
PPC 0 0 0 0 0 0 0 0 0 
SPC 38Xl03 54Xl03 47Xl0 3 61Xl03 35Xl0 3 39Xl03 
11 Coliform 15 4 12 21 9 21 
PPC 38 55 40 65 47 85 
SPC 85Xl0 3 103Xl0 3 97Xl03 11sx103 74Xl0 3 51Xl0 3 
14 Coliform 20 3 14 18 32 13 27 PPC 57Xl0 44Xl03 51x103 9Xl03 6Xl03 93Xl0 3 
SPC 127Xl0 3 155Xl03 119Xl0 3 
17 Coliform 15 3 29 23 PPC 20Xl0 15Xl0 3 13Xl03 
SPC = Standard plate count 
PPC = Psycrophilic plate count 
.:,. 
0 
Table 14. 
Storage 
days at Type of 0 . 01 % 
40 F plating Control Culture 
SPC l1Xl03 
0 Coliform 10 
PPC 0 
SPC 17Xl0 3 28Xl03 
5 Coliform 25 21 
PPC 0 0 
SPC 47Xl03 
ll Coliform 16 
PPC 540 
SPC = Standard plate count 
PPC = Psycrophilic plate count 
Plant D bacterial plate count per ml 
0 .005 % 0.001 % 0 . 0001 % 0.00005% 6.lpH 6.2pH 6.3pH Culture Culture Culture Culture Acid Acid Acid 
6x103 41Xl03 19Xl03 23x103 1ox103 21x10 3 14x103 
14 6 2 28 20 22 5 0 0 0 0 0 0 0 
59Xl0 3 
19 
24Xl0 2 
"" ..... 
Table 15 . 
Storage 
days Type of 0 . 01% 
at 40 F plating Control Cul t ur e 
SPC 3Xl0 3 
0 Coliform 2 
PPC 0 
SPC 4Xl03 39Xl0 3 
5 Coliform 14 0 
PPC 0 0 
SPC 49Xl0 3 
ll Coliform 11 
PPC 
SPC - Standard plate count 
PPC = Psycrophilic plate count 
Plant D bacterial plate count per ml 
0.005 % 0 . 001 % 0 . 0001 % 0.00005 % 6.lpH 
Culture Culture Culture Culture Acid 
l 7Xl03 24Xl03 llX103 7Xl03 5Xl0 3 
0 10 4 2 6 
0 0 0 0 0 
85Xl03 
15 
6.2pH 6 . 3pH 
Acid Acid 
13Xl03 27Xl03 
10 3 
0 0 
""' tv 
Table 16 . 
Storage 
days at Type of 0.01% 
40 F plating Control Cu ltur e 
SPC 4Xl0 3 
0 Coliform O 
PPC 0 
SPC 21x103 39Xl03 
7 Coliform O 0 
PPC 0 0 
SPC 56Xl03 62Xl03 
11 Coliform 2 0 
PPC 17 
SPC 97Xl0 3 
15 Coliform 5 2 PPC 35Xl0 
SPC = Standard plate count 
PPC = Psycrophilic plate count 
Plant F bacterial plate count per ml 
0.005% 0 .0 01% 0 . 0001 % 0.00005% 5 . 6pH 5 . 7pH 5.9pH 
Culture Culture Culture Cu ltur e Acid Acid Acid 
27 Xl03 13Xl03 21x103 33xio3 41Xl03 60Xl03 53Xl03 
0 0 0 0 0 0 1 
0 0 0 0 0 0 0 
79Xl03 57Xl03 61x103 85Xl0 3 98Xl03 115Xl03136Xl03 
0 1 1 6 0 2 3 
37 10 59 46 79 106 
109Xl03 
1 
51Xl02 
.,.. 
w 
Table 17 . 
Storage 
days a t Type of 0.01 % 
40 F pl at ing Control Culture 
SPC 5Xl0 3 
0 Coliform O 
PPC 0 
SPC 29Xl0 3 35Xl03 
7 Coliform 4 0 
PPC 160 42 
SPC 
11 Coliform 
PPC 
SPC = Standard plate count 
PPC • Psycrophilic plate count 
Plant G bact e rial plate count per ml 
0 . 005 % 0.001 % 0 . 0001 % 0.00005% 6.5pH 6.6pH 6.7pH Culture Culture Culture Culture Acid Acid Aci d 
31Xl0 3 27Xl03 15x103 18Xl0 3 23x103 2ox10 3 14x103 0 0 0 0 0 0 0 37 54 85 132 129 95 105 
69Xl03 
6 
37Xl0 2 
.. 
.. 
Table 18 . 
Storage 
days at Type of 0.01 % 
40 F plating Control Culture 
SPC 6Xl0 3 
0 Coliform 4 
PPC 0 
SPC 13Xl0 3 19Xl0 3 
7 Coliform 4 2 
PPC 0 0 
SPC 83Xl03 102x103 
ll Coliform 9 ll 
PPC ll6 21 
SPC ll5Xl0 3 
15 Coliform 10 
3 PPC 4Xl0 
SPC = Standard plate count 
PPC = Psycrophilic plate count 
Plant H bacterial plate count per ml 
0 . 005 % 0 . 001 % 0.0001 % 0.00005% 6.5pH 6.6pH 6.7pH Culture Culture Culture Culture Acid Acid Acid 
l 7Xl0 3 31Xl03 14Xl03 llXl0 3 1sx103 12x103 1ax103 2 3 6 6 5 4 6 0 0 0 0 0 0 0 
73Xl0 3 93Xl0 3 43Xl03 51x10 3 89Xl03 68Xl03 56Xl03 
7 1 10 4 14 ll 7 30 62 13 19 45 72 53 
97xio3 ssx103 
10 
2sxio2 
8 
13Xl0 2 
"" CJ1 
46 
Appendix D 
Typ es of Organisms Found in Spoiled Milk 
Plant A 
Sample: 0 . 001 
Ovoid in shape, in short chains or pairs. Gram 
positive . 
Action in skim milk-soft curd, bitter flavor. 
Action in litmus milk-reduction of dye . Production 
of acid . Digestion of curd. 
Streptococcus group 
Sample: 0 . 01 
Ovoid in shape, short chains and pairs. Gram positive. 
Milk~hard firm curd with clear whey . 
Litmus milk-reduction of dye. Production of acid. 
Streptococcus group 
Plant B 
Sample : 0 . 001 
Ovoid in shape, small chains or pairs, gram positive. 
Hard firm c urd in milk with _ whey. 
Litmus milk-reduction of dye . Production of acid . 
Streptococcus group (Lactis) 
Plant D 
Sample : 0 . 005 
Ovoid in shape, small chains or pairs, gram positive . 
Hard firm curd in milk with whey. 
47 
Litimus milk~reduction of dye. Production of acid . 
Streptococcus group (Lactis) 
Plant E 
Sample: 0 . 00005 
Ovoid in short chains and pairs, gram positive. 
Litmus milk~reduction of dye , acid production, 
digestion of curd . 
Milk~soft curd, bitter flavor . 
Streptococcus group 
Plant G 
Sample: 0 . 01 
Ovoid in short chains and pairs, gram positive. 
Litmus milk~reduction of dye, acid production, 
digestion of curd . 
Milk~soft curd, bitter flavor. 
Streptococcus group. 
Psycrophilic organisms 
Very small rods, single or in pairs. Gram positive. 
The colonies on agar plate were round yellow. 
Alkaline reaction in litmus milk . 
No action in milk . 
Pseudomones group 
